In the transmission of remote images, a typical scenario may be one in which a user is searching through an image database which contains a large number of different images, only a small number of which are of interest. In order to select the desired image, the user may have to download (from a remote site) the complete image itself. Instead of downloading the complete image, it would save time and network bandwidth by first sending a much compressed version of the image (its identification image) that gives sufficient information to allow the user visually classify the image and then transmit the complete version of the desired image. In this work, we present a computationally very simple approach to create image identification for viewing classification purpose. The new scheme compresses and transmits only the information in and around the edges of the image and a simple interpolation technique is used to construct the ID image from those compressed features at the user's computer. The technique described herein may be useful in teIebrowsing image databases.
INTRODUCTION
In the transmission of remote images, a typical scenario may be one in which a user is searching through an image database which contains a large number of different images, only a small number of which are of interest. In most situations the user will not be able to tell from its file name whether an image is the desired one. In order to select the desired image, the user may have to download (from a remote site) the complete image itself. One of the major problems in image delivery is the lengthy transmission time. For example, transmitting a picture of 512 x 512 pixels at 8 bits/pixel over a 24OO.baud line takes 15 minutes.
Instead of downloading the complete images, it would save time and network bandwidth by first sending a much compressed version of the images (their identification image) that give sufficient visual information to allow the user to classify those desired images and then transmit the complete version of them. In this work, we present a computationally very fast approach to create image identification for viewing classification purpose. The new technique is based on a recently developed image coding algonthm1 and image interpolation. The new scheme compresses and transmits only the information in and around the edges of the image and a simple interpolation technique is used to construct the ID image from those compressed features at the user's computer.
Computer simulations have been performed and results are presented in this paper. It is shown that the identification images take up about 1.6 % to 4.1% of the original images size, depending on the particular image. Because grey scale image is constructed, it makes visual classification task easier. One of the most important merits of the present technique is that it is computationally very simple. The computational complexity of the new scheme is a fraction of that of those existing techniques5 whilst achieving the same amount of compression; although it should be pointed out that at a similar bit rate, the image quality obtained by the current system is worse than that achievable by those techniques outlined in references 3 5. It is expected that further improvement is possible, we will leave this topic for future research. Even though the visual quality achieved by the present technique may not as good as that obtained by the techniques in references 3 -5, it serves our present purpose, i.e. the ID image allows the user recognise the original image and because it is computationally much simpler, the whole process may be implemented in real time by using simple technologies.
The organisation of the paper is as follow: In section 2, we briefly outline a recently developed fast image coding algorithm termed visual vector quantization (VVQ). In section 3, we combine WQ and a simple interpolation scheme to construct image identifications. In section 4, we present simulation results.
VISUAL VECTOR QUANT1ZAT1ON OF IMAGE
Traditional vector quantization4 (VQ) for image coding operates in 'pixel space'. The image to be coded is divided into small blocks, and the pixel values within this block form a multidimensional vector. It is well known that the encoding process for traditional VQ based image compression schemes is computationally intensive.
Recently, a computationally efficient new image coding system, the visual vector quantization (VVQ)1 image coding technique has been developed. In WQ, perceptually important features of the block (horizontal and vertical edge information) are extracted and used to form a 'visual vector. An image block is coded by quantizing each of these features individually. Thus coding consists of two sets of one.. dimensional tests, reducing the computational load significantly. The system codebook is created by training a neural network with the visual vectors as input, and the residual training blocks as the desired output. Block reconstruction is achieved by substituting the appropriate image block from the codebook. In the following, we outline this technique, readers are referred to reference I for details.
The codebook is created in two stages, each using data from training image(s). Firstly, the training data is segmented into m x n blocks. The horizontal and vertical derivatives of the block, Dh and Di,, are then found. This results in a pair of values for each block, i.e. a data set in the two-dimensional 'visual vector space. A competitive learning algorithm6 is used to cluster the Dh values for the training blocks into several classes. For the results presented in this paper, three classes were used corresponding to the directional derivative being negative large (NL), small (S) or positive large (PL). This process was repeated for the vertical derivative D',. Since three classes were defined in each direction, an image block may fall into one of nine different classes. The three co..ordinates for each direction are then stored and used during the coding stage to classify a block into one of the nine classes.
The codebook entry for each block class is found by training a backpropagation neural network7 to reproduce the residual block (m x n pixel values) at its output, when the Dh and D co..ordinates for the appropriate class are presented at its input. After the network has been trained to reproduce all nine classes of block, the network outputs for each of the nine classes are taken as the codebook entries. Thus the codebook needed to reconstruct the blocks consists of nine entries, each of which comprises m x n pixel values. The WQ image coding system operates as indicated in Fig. 1 . The directional derivatives of the block, Dh and Di,, are found and used to classify the block into one of the nine classes. This classification is simple since only six comparisons are required (three for Dh and three for Dr). A class index denoting the class of the block, and the quantized mean value of the block, constitute the compressed data for the block. Reconstruction of the block is achieved by substituting the appropriate image block from the codebook, which resides at the reconstruction stage of the system, and adding the quantized block mean to each pixel value. Note that the codebook is not used dunng the image coding stage.
IMAGE ID CONSTRUCTION BASED ON WQ AND INTERPOLATION
From section 2, it is seen that image coding by WQ is based on classifying the directional derivatives of the image blocks. The magnitude of the directional derivatives give indications of whether or not the block contains edges. A large magnitude value of the directional derivative indicates the block contains edge information, conversely, a small value of the directional derivative indicates the block contains no significant edge. It is well known that edges, although consist of a small part of the image, are the most important visual information contents2. In this study, our main purpose is to construct visually recognisable images with as little information as possible. This has lead to the development of the following image coding technique: If a block contains no significant edges, i.e., both Dh and D are small (it belongs to class 5 in Fig. 2 ), the block is not transmitted. if a block contains edges (it belongs to one of the eight classes, excluding class 5 in Fig. 2 ), the block is coded using WQ and transmitted to the user's computer. In the users computer, those image pixels in the positions where the original pixels have not been transmitted are generated using a simple interpolation scheme. The interpolation scheme we developed is explained as follow. The process is performed in three steps. Firstly, a horizontal interpolation is performed line by line. Let pixels g(i j) and g(i, j + K) be transmitted pixel values and the K pixels between these two pixels have not been transmitted. In determining the pixel values of these K pixels, the following four cases will happen. 
EXAMPLES
To demonstrate the usefulness of the technique, we present some example images. The block size used in the experiment is 4 x 4 pixels. A nine codewords WQ codebook was designed using a 512 x 512, 8bft per pixel grey scale image (F16). Therefore, when a block is coded and transmitted, a 4 bit codeword index is needed (one bit is used to indicate the block is transmitted and 3 bits are used to identify the appropriate codeword for the block). The block means were coded using a 6bft scalar quantizer. Hence a total of 10 bits are needed to code a transmitted block. When a block is not coded and transmitted, only I bit is needed to indicate its statue. Table I lists the results of twelve 512 x 512, &-bft per pixel grey images. It is seen that compression ratios ranging from 23.8 : I to 61 .1 : I have been achieved. Fig. 3 shows the original image, the coded and transmitted version and the ID images of the 12 images list in table I . It is seen that in all cases, the ID images provide sufficient visual information that allow the user easily recognise the original images. have been presented to demonstrate the effectiveness of the scheme. It is also seen, that because the interpolation scheme used in this paper is a very simple one, the quality the ID images generated by such a scheme exhibits obvious visually annoying effects. It is envisaged that if more sophisticated reconstruction techniques are employed, the visual quality of the ID image can be significantly improved, the author is currently investigating this subject.
